The Bombyx mori decapentaplegic gene is one of the conserved genes in vertebrate and invertebrates. The TGF-β superfamily contains conserved polypeptide growth factors that play important roles in different cellular processes such as proliferation, apoptosis, differentiation and cell-fate determination. The B. mori dpp gene shares genetic homology with hBMPs and Drosophila dpp. Until now, only few studies have been conducted to examine the functions of B. mori dpp; and hence, its function is not yet well understood. In this study, the baculovirus expression vector system (BEVS) was used for expression of the recombinant B. mori dpp protein and in which the recombinant baculovirus is recovered in the host Sf9 cells. The selected pure recombinant baculovirus containing B. mori dpp gene (rBV-egfp-Bm dpp) was used to increase the effective protein purification by using His-tag extraction strategy. After selection of recombinant baculovirus, recombinant B. mori dpp proteins were extracted from the re-infected cells with pure rBV-egfp-Bm dpp. Herein, we summarize the efficient expression and purification of B. mori dpp proteins from the insect cells using the BEVS. This recombinant protein could be suitable for functional test and various application studies.
INTRODUCTION
Bombyx mori decapentaplegic (dpp) is a member of the transforming growth factor beta (TGF-β) superfamily.
The largest TGF-β superfamily subgroup shares genetic homology with human BMPs (hBMPs) and silkworm dpp genes (1~3). The TGF-β superfamily contains conserved polypeptide growth factors that play important roles in different cellular processes such as proliferation, apoptosis, differentiation and cell-fate determination (1~3). In addition, hBMPs are functionally interchangeable with Drosophila dpp (1~3). B. mori dpp may induce osteoblastic differentiation in mammalian cells (3) . BEVS continue to be used widely for the expression of a variety of recombinant proteins in insect cells (4, 5) . This include membrane bound, secreted proteins, nuclear, cytosolic, and mitochondria (4, 5) . Recombinant baculovirus infected insect cells also provide a valuable system to study the virus capsid assembly processes such as the production of virus-like particles (VLPs) (4, 5) . BEVS is being increasingly utilized for the development of vaccine candidates based on the production of conventional recombinant antigens (4, 5) . Co-expression of protein-modifying enzymes using multiple recombinant baculovirus can be used to increase in production of functional recombinant proteins produced by infected insect cells (4, 5) . Therefore, the BEVS has long been used to produce for the research and industrial purpose including gene therapy and development of vaccine.
In 
MATERIALS AND METHODS

Cell culture
Insect cells of the Spodoptera frugiperda cell line Sf9
were grown in Grace' insect Medium (Gibco, CA, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS) (v/v) (Gibco) and 1% gentamycin (w/v) at 27℃ in an incubator.
Construction of recombinant baculovirus shuttle vector
All recombinant DNA manipulations were performed using standard techniques (6) . Total RNAs were isolated from the fat body of 3-day-old 5th instar larvae using the TRIzol reagent according to the manufacturer's instructional guides (Invitrogen, CA, USA). The amount of total RNAs was determined spectrophotometrically by measuring the absorbance at 260 nm. RNAs were stored at -70℃ until use.
After purification, oligo dT-primed cDNAs were prepared from 2 μg of total RNAs using the High-Capacity cDNA 
Recombinant baculovirus production
Cells were seeded in a 6-well tissue culture plate at 5 × Subsequently, 2 ml of culture medium was collected from each well and centrifuged in order to remove cells and large debris.
Genomic DNA PCR and Reverse transcription
Two PCR primers were used to confirm that the inserted
and reverse: 5'-TCTTGAAGTTCACCTTGATGCCG-3') and dpp (forward: 5'-GACGAGCGACCGAAGACG-3' and reverse: 5'-CGAAGTCGACAAACAGTG-3') genes used were same as previous experiments. The genomic DNA was isolated from selected cell clones using the TRIzol reagent 
RESULTS AND DISSCUSSIONS
The 1,285-bp full-length cDNA of B. mori dpp was successfully amplified and cloned into the pGEMT-Easy vector. Based on gene sequencing analysis, the authenticity of the B. mori dpp full-length cDNA sequence was confirmed. Subsequently, to generate the recombinant baculovirus that could produce a B. mori dpp-expressing virus, the Figure 1 . Cloning of the Bombyx mori dpp expression vectors. The 1,324-bp full-length cDNA of B. mori dpp was synthesized using total RNA obtained from fat bodies of 3-day-old of 5 th instar larvae. B. mori dpp gene cassette inserted into the pBACgus4X-egfp plasmid DNA with BamH I and Not I restriction enzymes is terminated by stop codon of vector and added 6X His amino acids to 3'-end region. pBACgus4X-egfp vector contain the 0.7-kb EGFP downstream of the other p10 promoter. This fragment was inserted into the pBACgus4X-egfp vector in a direct orientation with respect to the polh promoter to generate the pBAC-gus4X-Bm dpp plasmid DNA. recombinant baculovirus transfer plasmids were generated by inserting expression cassettes encoding B. mori dpp and the EGFP reporter gene into the standard baculovirus transfer vector pBAC-gus4X-egfp. The orientation of the genes was manually designed, so that the direction of transcription was convergent (Fig. 1) . B. mori dpp gene expression was controlled by the polh promoter, and, therefore, the protein expression should be at high levels in insect cells during the late infection. The EGFP reporter gene was driven by the p10 promoter so that it should be expressed in insect cells, allowing easy detection of viral recovery. The detailed procedure for construction of recombinant pBAC-gus4X-Bm dpp plasmid DNA is shown in Fig. 1 . were examined by performing PCR using genomic DNA as a template. As shown in Fig. 2A mori dpp protein in the cells.
Since it was previously reported that expression of Drosophila dpp is functionally interchangeable with mammalian BMPs (3), we used a strategy in which the expression of B.
mori dpp in insect Sf9 cells was dependent on infection with recombinant baculovirus. To determine whether the B.
mori dpp protein has been successfully expressed from the recombinant virus and incorporated into virus particles, we (Fig. 4) . About 72 h after recombinant baculovirus infection, the insect cells were analyzed by Western using 6X His-specific monoclonal antibody. Previous studies have reported that the bone-forming activity of the Drosophila dpp protein can be demonstrated by measuring the specific activity of ALP and the calcium content in subcutaneous rat implants (3, 7) . Further studies examining the B. mori dpp should be conducted to produce recombinant protein, such as bio-medical protein, which can be used to produce bone growth formation biomaterials.
The recombinant B. mori dpp protein will be used in further studies for various functional analyses. 
